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Numerous studies have evaluated cardiac troponin I (cTnI), cardiac troponin T (cTnT), and creatine kinase-MB for risk stratification of acute coronary syndrome (ACS) patients. Two metaanalyses have demonstrated the ability of cTnI or cTnT to predict adverse outcomes (1, 2 ) . A substudy of the FRISC II trial showed that the prognostic value of cTnT in ACS patients could be attributed to its correlation with the underlying severity of coronary artery stenosis (3 ) .
Because of analytical and clinical differences among troponin assays (4 -7 ) , the cardiology (8, 9 ) and laboratory medicine (10 ) communities have endorsed the need for evidence-based studies before individual assays are accepted into clinical practice. Few studies have investigated the role of point-of-care (POC) testing for assessing adverse outcomes in ACS patients. One study using qualitative POC assays for cTnI and cTnT showed both assays to be independent predictors of cardiac events at 30 days after admission in ACS patients (11 ) .
In a consensus document from the European Society of Cardiology (ESC) and the American College of Cardiology (ACC), myocardial infarction (MI) was redefined as any amount of myocardial necrosis in the presence of myocardial ischemia, as indicated by an increased cardiac troponin (I or T) above the 99th percentile of a reference population (9 ) . Because many troponin assays lack acceptable precision at the 99th percentile cutoff and assay precision may be important for risk stratification, a revised cutoff has been recommended as the index for myocardial damage, as the lowest troponin concentration closest to the 99th percentile that can be measured with 10% imprecision (CV) (5 ) .
We investigated the prognostic value of a whole-blood quantitative POC cTnI assay for risk stratification of ACS patients admitted in routine clinical practice for all-cause death, cardiac death, and cardiac events and evaluated the cutoffs at the 99th percentile and at the 10% CV.
This retrospective study was performed at four sites: Hennepin County Medical Center (Minneapolis, MN); Alameda County Medical Center-Highland Campus (Oakland, CA); Medical College of Virginia (Richmond, VA); and Mayday University Hospital (Surrey, United Kingdom). All sites obtained approval for human subject research from their respective institutional review boards. We enrolled 382 patients consecutively evaluated for ACS. No follow-up information was available for 15 patients, leaving 367 patients for analysis. Whole-blood cTnI measurements by the First Medical Alpha Dx device (Mountain View, CA) (12 ) were obtained at baseline (admission) and every 4 -8 h over 24 h after admission. Specimens were analyzed within 30 min. The baseline and maximum concentrations were used to stratify patients. In addition, whole blood was collected from 402 healthy individuals (187 males and 215 females) to estimate the 99th percentile cutoff for cTnI (0.15g/L) determined by nonparametric analysis (8, 13 ) . The median ages for males and females were 48 years (range, 35-69 years) and 46 years (range, 35-67 years), respectively. Reference individuals were not age or sex matched with the ACS population.
Two cutoffs were used for stratification, 0.15 and 0.3 g/L. The first was at the 99th percentile as recommended in the guidelines of the ESC/ACC (9 ); the second, recommended by Apple and Wu (5 ) , was the lowest concentration (above the 99th percentile) that gave a 10% CV according to the manufacturer (7 ) . Patient endpoint data were obtained by chart reviews (Ͼ90%) and telephone follow-up calls occurring within 180 days after the initial baseline sampling. All electrocardiogram interpretations were performed without knowledge of the cTnI concentrations.
Primary endpoints were death (all causes), cardiac death, and a composite endpoint of cardiac events, defined as first MI, cardiac revascularization, or cardiac death. Exposure time was calculated as days from the date of first blood collection to the date of event, date of last contact, or 30/60/180 days, whichever was first. Relative risks (RRs) and 95% confidence intervals (CIs) were estimated by fitting Cox proportional hazards models; statistical significance was determined by the likelihood-ratio test. Survival curves were computed using the Kaplan-Meier method and compared between risk stratification groups by use of the log-rank test (14 ) . Cumulative event rates were taken from the Kaplan-Meier survival curves. Statistical significance was accepted at the 0.05 level, and all statistical tests were two-sided. Statistical analysis was performed with SPSS PC, Ver. 10 (SPSS).
All 367 ACS patients presented with ischemic symptoms suggestive of MI; 82 (22%) had a diagnosis of acute MI. Patients were 60% male, and the median age was 59 years (range, 25-93 years). Thirty-seven percent were Caucasian, 47% were African American, 4% were Hispanic, 3% were Asian, 5% were Native American, and 4% were ethnically unidentified. Baseline cTnI was Ն0.15 g/L in 20% of patients and Ն0.3 g/L in 17%. Maximum cTnI was Ն0.15 g/L in 29% of patients and Ն0.30 g/L in 26%. Twenty-two patients died within 180 days (15 cardiac deaths), with 14 deaths (11 cardiac deaths) occurring within the first 30 days. A cardiac event occurred in 54 patients during 180 days of follow-up, 37 occurring within the first 30 days.
RRs of death and cardiac events within 30, 60, and 180 days were all significantly increased in the increased cTnI group, using either baseline or maximum cTnI and at both cutoffs ( Table 1 ). The RRs of death and cardiac events within 180 days for patients with cTnI Ն0.15g/L at baseline were 4.2 (95% CI, 1.8 -9.6) and 3.3 (95% CI, 1.9 -5.7), respectively. Results were similar when we used the cutoff of 0.30 g/L. Thirty-one percent of patients with a cTnI Ն0.15g/L at baseline had a cardiac event within 180 days vs 11% of those with cTnI Ͻ0.15g/L; death occurred in 15% and 4%, respectively. Kaplan-Meier curves (Fig. 1) by baseline cTnI at the 99th percentile cutoff (0.15 g/L) showed early separation (before 30 days) for cardiac events (Fig. 1A) , all-cause death (Fig.  1B) , and cardiac death (Fig. 1C) .
Electrocardiographic data were available for 336 (of the total 367) ACS patients, 79 of whom presented with ST elevation. The 180-day mortality rates in participants with and without ST elevation were similar (5.1% vs 5.8%, respectively; P ϭ 0.8), whereas the 180-day cardiac event rate was higher in participants with ST elevation (23% vs 13%, respectively; P ϭ 0.03). Adjustment for ST elevation in a multivariate model did not appreciably alter RR estimates of death or cardiac events during the 180-day follow-up (data not shown).
Patients with a baseline cTnI between 0.15 g/L (99th percentile) and 0.3 g/L (10% CV; n ϭ 11) had a significantly higher 180-day mortality rate than did those with a cTnI Ͻ0.15 g/L (n ϭ 292; 18% vs 3.8%; P ϭ 0.02), as well as a higher cardiac event rate (36.4% vs 10.7%; P ϭ 0.006). Patients with a maximum cTnI of at least 0.15 g/L but a baseline below this (n ϭ 32) had a higher rate of cardiac event than did those with a maximum cTnI Ͻ0.15 g/L (n ϭ 260; 28% vs 8.5%; P Ͻ0.001). Mortality rates were not significantly different between these groups (6.3% vs 3.5%; P ϭ 0.4), but power to detect smaller differences was limited. The current study demonstrates that ACS patients who have increased cTnI measured on a POC whole-blood assay show a significant increase in risk over 30 -180 days for all-cause death, cardiac death, and cardiac events in the presence or absence of ST elevation. These findings add to the evidence-based metaanalyses that demonstrate that increased cTnI and cTnT (measured using central laboratory instrumentation) predict the risk of adverse outcomes in ACS patients (1, 2 ) . Our findings complement the diagnostic study for this POC assay, which revealed similar clinical sensitivities for ST-elevation and non-ST-elevation MI patients (12 ) .
The current study demonstrates that maximum cTnI during 12-24 h of monitoring provides added risk prediction for adverse cardiac events and death in patients whose baseline cTnI is below the 99th percentile (15 ) . The current POC findings complement previous studies (11, 16, 17 ) of POC testing assays for risk assessment (30-day outcomes) in chest pain patients admitted for emergency room triage; these studies used qualitative cTnI and cTnT assays (11 ) and a quantitative cTnI assay (Stratus CS) (16, 17 ) . The current study provides evidence in support of the ESC/ACC consensus document (7-9 ) for utilizing the 99th percentile as a risk assessment cutoff for cTnI. Our findings reveal that patients with small increases above the 99th percentile but below the 10% CV cutoff are at greater risk of cardiac events and death than are patients with cTnI below the 99th percentile. Our data further support the FRISC II and TACTICS trials, which demonstrated that small increases in cardiac troponin above the 99th percentile are predictors of adverse cardiac events (3, 18, 19 ) .
Clinical data regarding the onset of chest pain, medications, and renal function were not documented during data collection. Although the current study supports the risk-stratification value of small increases above the 99th percentile reference limit for this POC testing device, it is possible that more analytically sensitive assays may provide better prognostication, as reported by Venge et al. (18 ) , who used a second-generation central laboratory cTnI assay. The current demonstration of value of this method for risk assessment complements its use as a diagnostic tool for MI, thus allowing its implementation in routine clinical practice where cardiac troponin tests are used for both purposes.
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